To tailor the farming environment to a fish species, we should understand the species-specific responses to stimuli, including the degree of adaption and learning.
| INTRODUCTION
To tailor the farming environment to a given fish species, it is crucial to learn more about the initial response to various stimuli as well as the subsequent conditioning to biologically relevant stimuli and habituation to stimuli without any consequences. The capacity fish have for conditioning and habituation will determine how well fish cope with repetitive husbandry procedures and fluctuating environmental conditions. The learnt association between biologically relevant stimuli (unconditioned stimuli, US) and initially neutral cues (conditioned stimuli, CS), i.e. Pavlovian conditioning, induces a conditioned response (CR) at presentation of the cue alone (Lieberman, 2000) . Pavlovian conditioning has been demonstrated in numerous fish species relevant for farming and research such as zebrafish (Danio rerio) (Manabe, Dooling & Takaku, 2013) , rainbow trout (Oncorhynchus mykiss) (Colson et al., 2015 ; Nordgreen, Janczak, DOI: 10.1111/are.13463 Aquaculture Research. 2017;1-6.
wileyonlinelibrary.com/journal/are Hovland, Ranheim & Horsberg, 2010) , Atlantic salmon (Salmo salar) (Bratland et al., 2010) , Atlantic cod (Gadus morhua) (Nilsson, Kristiansen, Fosseidengen, Fern€ o & van den Bos, 2008a,b) and Atlantic halibut (Hippoglossus hippoglossus) . Signalization of food arrival could be used in everyday farming to make feeding more predictable and to assess the appetite in fish groups (Bassett & Buchanan-Smith, 2007; Fern€ o, Huse, Jakobsen, Kristiansen & Nilsson, 2011) . Anticipatory behaviour may also be used as an operative welfare indicator (Folkedal, Stien et al., 2012) . However, findings from one species and one life stage cannot directly be transferred to another species (Martins et al., 2012) . The cruising predator cod approaches the CS and the feeding area (Nilsson et al., 2008a,b) , whereas the "sit-and-wait" predator halibut only responds by subtle positional changes , and the conditioned response of parr and post-smolt of Atlantic salmon are also markedly different (Folkedal, Stien, et al., 2012; .
Farmed fish are repeatedly exposed to stimuli that are initially perceived as aversive but are without any biological consequences which makes the fish to habituate to the stimulation (Folkedal, Torgersen, Nilsson & Oppedal, 2010; Madaro et al., 2016) . In contrast, when fish are repeatedly exposed to a stimulus associated with reward or punishment, they will develop a conditioned response.
Cues used in conditioning may initially release a fright reaction and may only after some time result in a positive response-"from fright to anticipation" (Bratland et al., 2010; Nilsson, Stien, Fosseidengen, Olsen & Kristiansen, 2012) . How habituation modulates the response to the initial frightening stimulus when the stimulus is rewarded versus unrewarded is, however, not addressed in previous studies. This knowledge is required in understanding the scope for using reward to accelerate accommodation processes.
Farmed fish are reared in high densities and agonistic behaviour has been observed in several species (Barreto, Boscolo & Gonc ßalves-de-Freitas, 2015; Fern€ o & Holm, 1986; Jobling, 1983; Solstorm et al., 2016) . Aggressive individuals should be expected to influence the baseline behaviour and stress level of subordinate fish and could thereby interfere with the processes of habituation and conditioning.
The effect of social hierarchies has, however, been devoted little attention in earlier studies of learning in fish groups.
Gilthead sea bream (Sparus aurata) is widely cultured in the Mediterranean. Sea bream is a grazing species feeding mainly on shellfish, snails and mobile prey like fish (Andrade, Erzini & Palma, 1996; Pita, Gamito & Erzini, 2002) . Farmed sea bream has been observed to increase swimming speed both during feeding (Andrew, Noble, Kadri, Jewell & Huntingford, 2002) & Kentouri, 2016; Pavlidis & Mylonas, 2011) . This overt marker may be used to assess the effect of the social environment on learning.
Here, we investigated habituation and Pavlovian anticipatory behaviour of gilthead sea bream exposed to an initially aversive flashing light that either announced a food reward (habituation and conditioning) or was unrewarded (control, habituation only). We hypothesized that, compared to unrewarded sea bream, rewarded sea bream would habituate more rapidly and eventually express food anticipation to the light flashes. We further predicted that social hierarchies would influence the anticipatory behaviour.
| MATERIALS AND METHODS
The 
| DISCUSSION
In both the Conditioning and Control groups, the reaction to the light flashes changed markedly over time. Initially, sea bream in both groups showed a fright reaction to the light flashes. However, whereas the fish in the Control group habituated the initial response of fleeing from the CS light flashes, they still responded by lower swimming speed during the light flashes. Habituation is not necessarily total, that is, the response may decline, but not towards zero (Christoffersen, 1997) , as earlier shown for salmon parr Madaro et al., 2016) , and the persistent response could reflect a prolonged alertness with a shift in attention in an otherwise monotonous environment (Mendl, 1999) . In the Conditioning group, the interplay between aversive and reward stimuli gradually progressed to a quite different response, with no reduction in swimming speed during the light flashes and attraction of fish to the feeding area. The fish thus switched from fright to anticipation after reward conditioning. This has previously been demonstrated in several species, including Chinook salmon (Oncorhynchus tshawytscha) (Schreck, Johnson, Feist & Reno, 1995) , Atlantic salmon (Bratland et al., 2010) and Atlantic cod , but the discrepancy between subtotal habituation of the behavioural response to a non-rewarded stimulus versus anticipation when the very same stimulus signalled reward is to our knowledge a novel finding. In cod, the swimming speed response to a splashing dip net became totally habituated, whereas the oxygen hyperconsumption response partly persisted, suggesting that alertness towards the moving object indeed was sustained . The method used in Nilsson et al. (2012) The weak positive CS response of fish aggregating in the feeding area observed for the Conditioning group after around 16 trials suggests associative learning. The fish were, however, relatively spread in the tank both before and during the CS light flashes, and sea bream did thus not show a strong or consistent response of moving into the feeding area in response to the CS. This contrasts previous observations in cod (Nilsson et al., 2008a,b) and salmon (Bratland et al., 2010; Folkedal, Stien, et al., 2012; . Furthermore, the lack of increased swimming speed above baseline in the Conditioning group was unexpected, as this has been observed during conventional and demand feeding (Andrew et al., 2002) , and during the hours before a daily meal in tanks (S anchez et al., 2009 ). We ascribe much of the lack in spatial responsiveness to the small size of the tanks used; at any distance from the defined feeding area, the fish could attack pellets shortly after arrival. With regard to swimming speed, the food arrived in one tank corner, and attacking the pellets was carried out in a "burst and stop" motion to prevent crashing into the tank wall. A high swimming speed during feeding may thus not be as efficient as within the vast volume of sea cages (Andrew et al., 2002) . 
